48 6 other researchers. Within-subject coefficient of variations in our laboratory at rest were 1.8% for arterial 126 diameters, 13.2% for time averaged mean velocity and 12.7% for blood flow (13). 127 128 Microvascular assessment of cutaneous blood flow (CBF) was performed by one investigator (D. M.) by 129 means of the laser Doppler flowmetry (LDF) technique. LDF continuously monitors perfusion by 130 measuring microvascular red blood flow using the Doppler principle. The LDF technique has been 131 previously described in detail (15). Cutaneous blood flow (CBF) was measured in conventional perfusion 132 units (PU) using a LDF system (Periflux PF 5000, Perimed, Stockholm, Sweden), equipped with a 133 thermostatic LDF probe with an effective surface of 0.95 cm 2 (PF 481, Perimed, Stockholm, Sweden), on 134 the volar surface of the left forearm. Before commencing the iontophoresis protocol, resting forearm CBF 135 was calculated by averaging a 3-minute steady recording using a non-drug-containing LDF probe. A 136 direct current for drug iontophoresis was provided by a battery-powered current stimulator (Perilont, 137 Perimed, Stockholm, Sweden). Iontophoresis allows non-invasive drug delivery to the skin without 138 systemic effects and perturbation of the skin. Microvascular responses to iontophoresis of acetylcholine 139 (ACh) and sodium nitroprusside (SNP) were assessed. SNP 1% and ACh 1% solutions, adjusted to a 140 physiological ionic strength (0.154 M) by adding saline solution, were administered via two drug delivery 141 electrodes, each inserted within an LDF probe, positioned 10 cm apart avoiding superficial veins and 142 broken epidermal areas. In order to minimize non-specific vasodilatory effects, the iontophoresis protocol 143 consisted in a single anodal (ACh) or cathodal (SNP) pulse of 0.021 mA/cm 2 for 370 s, yielding a total 144 charge of 7.8 mC/cm 2 (16). In addition, a non-drug containing LDF probe determined the CBF response 145 to sublingual administration of organic nitrate (NMD). LDF probes were maintained at a constant 146 temperature of 33ºC throughout the whole measuring process. To assess the local hyperthermia response, 147 a non-drug containing LDF probe was heated to 42ºC for 5 minutes. Only the plateau phase 148 (endothelium-dependent) of the hyperthermia response was analyzed. Peak CBF responses to ACh, SNP, 149 NMD and local hyperthermia were determined as the maximum average value over a 10 s period within 150 their respective procedures. Concerning the spatial variability of LDF measurements, the specific volar7 forearm location of each LDF probe and electrode was approximately maintained in all subjects, 152 especially for SOA before and after the weight loss program in which locations were noted in relation to 153 anatomical landmarks. 154
155

Blood analysis 156
Blood samples were collected after fasting overnight. Biochemical markers related to vascular function 157 such as leptin, resistin, C-reactive protein (CRP), myeloperoxidase (MPO), and tissue plasminogen 158 activator (tPA) were determined in plasma by bead-based multiplex immunoassays (FlowCytomix, 159 eBioscience, San Diego, CA, USA). Plasma insulin was measured using the radioimmunoassay method 160 (coat-a-count radioimmunoassay kit TKIN2, Siemens, Berlin, Germany). 161
162
Statistical analysis 163
All normally distributed variables were expressed as mean ± SD. Data that were not normally distributed 164 (CRP, tPA, and microvascular variables) were log-transformed to approximate normality before 165 parametric testing, and were expressed as median (interquartile range) in Tables 1 and 3 . SOA versus 166 normal-weight subjects were compared by independent t-tests and analysis of covariance (ANCOVA), 167 including gender as a covariate. Paired student t-tests were used to assess SOA before and after the weight 168 loss program. Bivariate associations between vascular and study variables were determined by calculating 169
Pearson's correlation coefficients. A two-tailed p-value less than 0.05 was considered significant. All 170 statistical analyses were performed using MedCalc software (bvba, Mariakerke, Belgium). 171
172
RESULTS
174
The major clinical characteristics of the subjects are shown in Table 1 . At baseline, SOA presented higher 175 BMI, BMI z-score, and waist circumference than normal-weight adolescents. Likewise, SOA showed 176 higher insulin, leptin, resistin, CRP, MPO, and tPA plasma levels (Table 1) .
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With respect to the vascular assessment in the brachial artery, similar FMD values were found between 178 groups, whereas resting blood flow, resting shear rate, and peak shear rate were higher in SOA (Table 2) . 179
Normalization of FMD by ∆shear rate yielded similar values between groups. Conversely, SOA presented 180 lower NMD of the brachial artery than normal-weight adolescents (Table 2) . 181
In the microcirculation, peak CBF during NMD was also reduced in SOA (Table 3) . Resting CBF was 182 lower in SOA, but peak CBF after ACh, SNP iontophoresis and local hyperthermia were unaltered 183 between groups (Table 3 ). All previous results did not differ when adjusted for gender. 184
Following correlation analysis (Table 4) , ∆shear rate was positively associated with BMI (r = .372, P = 185
.036), waist circumference (r = .366, P = .043), and tPA (r = .363, P = .045). Significant inverse 186 associations were detected between NMD and adiposity measurements (weight, BMI, BMI z-score, and 187 waist circumference), the strongest being for NMD and waist circumference (r = -.473, P = .006). 188
Similarly, forearm resting CBF was inversely associated with adiposity measurements, and leptin (r = -189
.447, P = .009). Negative associations were also detected for forearm peak CBF during NMD with 190 resistin (r = -.528, P = .002), and MPO (r = -.381, P = .031) ( Table 4) . 191
192
After the weight loss program, SOA exhibited a mean weight reduction of 7.4 ± 3.1 %, as well as 193 decreased BMI, BMI z-score, and waist circumference (Table 1) . Plasma leptin, MPO and tPA 194 measurements were also significantly reduced in SOA (Table 1) . As regards brachial artery variables, 195 resting diameter was increased, while resting shear rate, peak shear rate and ∆shear rate were diminished 196 (Table 2) . No significant changes were observed in FMD or NMD (Table 2) . Moreover, NMD remained 197 impaired in SOA when adjusted for gender compared to normal-weight adolescents (P = .038). In the 198 microcirculation, peak CBF during NMD was further reduced in SOA after the weight loss program, 199 whereas no significant changes were noted in other microvascular variables (Table 3) . The most important findings in this study are: 1) SOA exhibit preserved endothelial function but impaired 204 smooth muscle response to exogenous organic nitrate in both macro-and microcirculation, and 2) a 4-205 month weight-loss program does not improve NMD in either of the two vascular beds assessed in SOA, 206 despite of a significant weight loss and decreased plasma levels of selective markers adversely related to 207 vascular function. These findings add new evidence for endothelial function preservation in childhood 208 obesity, which was proposed to be a transitory adaptation to chronic hyperemia. Nevertheless, the absence 209 of improvement in NMD after a 7% weight loss suggests the necessity of longer and/or more intense 210 weight loss programs in SOA. 211
212
Although our finding of preserved FMD in SOA is not universal (5), the present study is in accordance 213 with recent and larger published works comparing obese children and adolescents to their normal-weight 214 counterparts (17-19). Since brachial blood flow at rest and during hyperemia was higher in obese 215 children, Charakida et al. (19) hypothesized that the endothelial function of conduit arteries may be 216 temporarily adapted to the hemodynamic consequences of adiposity, thus partially counteracting the well-217 known adverse effects of obesity on vascular function. Likewise, we observed that SOA had increased 218 both resting and hyperemic shear rate, which is the primary hemodynamic stimulus to induce endothelial 219 nitric oxide synthase (eNOS) expression (20), probably increasing the endothelium-mediated vasodilatory 220 capacity of SOA. Preserved endothelial function was also observed in the microcirculation via two 221 different stimuli. Peak responses to iontophoresis of ACh and local hyperthermia in the forearm 222 microcirculation were not attenuated in SOA. To our knowledge, no other studies have assessed the 223 microvascular reactivity to ACh and/or local hyperthermia in obese adolescents without co-morbidities. 224
Altogether, these findings support the hypothesis that during childhood there may be intervals in which 225 obese children present a preserved endothelial function in both the macro-and microcirculation. is an increase of oxidative stress markers in the plasma of SOA, we might speculate that the orally 245 administered organic nitrate (isorbide dinitrate, NMD) underwent a more prolonged exposure to oxidative 246 stress-mediated inactivation than SNP, which was transdermally delivered. However, the fact that the 247 dilator activity of organic nitrates depends on its conversion to nitric oxide (NO) inside the smooth 248 muscle cells (25) weakens this hypothesis. Another potential explanation may be related to the 249 vasodilatory effects inherently associated with the iontophoresis procedure (26). The electric current of 250 iontophoresis could stimulate, to some extent, underlying mechanisms of vasodilation related to the so-251 called axon reflex (27). Even though we tried to avoid non-specific effects of iontophoresis by reducing 252 the current intensity, we cannot discard the possibility of some effects of SNP iontophoresis being 253 attributed to the axon reflex response. Nevertheless, overall, these findings demonstrated for the first time 254 the proof of a widespread decreased smooth muscle function in SOA compared to normal-weight 255
adolescents. 256 257
Obesity and puberty, characterized by dynamic hormonal and physiological changes in boys and girls, 258 may alter metabolic and vascular homeostasis by promoting a pro-inflammatory and pro-oxidant state (3). 259
Effectively, plasma markers related to adiposity, inflammation, oxidative stress and endothelial activation 260 were altered in SOA. At baseline, SOA presented elevated levels of insulin and leptin, two related 261 hormones with overlapping effects on the hypothalamic control of energy homeostasis (28). Leptin is also 262 associated with increased sympathetic activity (29), which was suggested to be compatible with the lower 263 resting blood flow noticed in obese adults (30). Identically, SOA presented lower CBF at rest than 264 normal-weight counterparts in relation to their higher leptin level (Table 4) . 265
In addition, SOA presented higher values of CRP and MPO, suggesting the presence of systemic 266 inflammation (31) and neutrophil-mediated oxidative stress (32), respectively. In correlation analysis, 267 MPO was inversely associated with NMD response in the microcirculation, but not in the brachial artery 268 (Table 4) , suggesting a higher vulnerability to oxidative stress-mediated inactivation of NO in the smaller 269 vessels. Moreover, tPA, considered to reflect endothelial activation (33), was augmented in SOA and 270 positively associated to ∆shear rate. Increased vascular shear stress was shown to stimulate tPA 271 expression and secretion by endothelial cells (34), which may explain to some extent the higher plasma 272 levels of tPA found in SOA. Regarding the prognostic significance of these markers, increases in plasma 273 CRP and MPO were recently associated with cardiovascular risk in obese children (35), while high levels 274 of tPA were found to precede the development of type 2 diabetes in a large longitudinal study (36). 275
Furthermore, resistin was increased in SOA as well as negatively associated with peak NMD response in 276 the microcirculation (Table 4) . The latter finding could give new clues concerning the controversy on the 277 role of resistin in the pathogenesis of obesity-related comorbidities (37). Otherwise, a 7 % weight loss did 278 not modify the plasma levels of insulin, resistin and CRP in SOA. Nonetheless, the significant reductions 279 in leptin, MPO and tPA after weight loss reinforce the therapeutic effects of hypocaloric diets and 280 physical activity programs in obese subjects. 281
282
The success of the weight loss program in reducing adiposity and plasma markers potentially altering 283 vascular homeostatis in SOA, did not involve beneficial effects on macro-and microvascular function. 284
The impaired NMD in the brachial artery was not significantly enhanced in SOA. To our knowledge, only 285 one prior study evaluated the effect of a non-pharmacological program in obese children presenting 286 impaired NMD (38). Similarly, they reported no significant change in brachial NMD in a randomized 287 controlled trial assessing the effects of 3-month of exercise training in obese children (38). However, that 288 exercise strategy without dietary intervention did not result in any appreciable weight loss, whereas in our 289 study SOA presented a 7 % weight loss, which was previously associated to vascular function 290 improvement in obese subjects (10). One explanation for the lack of enhancement of brachial NMD in our 291 study may be related to the elevated resting brachial shear rate, even after weight loss, observed in SOA. 292 It is conceivable that chronic shear rate-stimulated overexpression of eNOS, thus increasing nitric oxide 293 (NO) release, might lead to some degree of smooth muscle tolerance to NO-mediated vasodilation (39) 294 that was not reversed by the 7% weight loss in SOA. Furthermore, the NMD response was further 295 reduced in the microcirculation of SOA after weight loss. Currently, reasons for such decreased 296 microvascular smooth muscle function are unclear and requires further investigation. Taken together, the 297 outcomes of this study suggest that longer and/or more intense weight loss programs might be needed to 298 restore smooth muscle function in the macro-and microcirculation of SOA. 299
300
There are several limitations to the present study. This is a single-center study with limited sample size 301 and conclusions must be taken with caution. Due to the nature of human research, there are likely to be 302 unrecognized variables leading to residual confounding. For instance, despite the baseline assessment of 303 SOA was performed within the first week after being admitted in the center, we cannot discard the 304 possibility that some SOA anticipated a somewhat control of nutrient intake before their entrance in the 305 Values are mean ± SD. FMD = flow-mediated dilation; NMD = nitrate-mediated dilation; SOA = severely obese adolescents. ∆shear rate means peak brachial shear rate minus resting brachial shear rate.
* Severely obese adolescents before weight loss versus normal-weight: P < .001 for resting brachial shear rate; P = .005 for peak brachial shear rate; P = .011 for NMD; P = .017 for resting brachial blood flow. † Severely obese adolescents before versus after weight loss: P = .011 for resting brachial artery diameter, and peak brachial shear rate; P = .035 for resting brachial shear rate; P = .047 for ∆shear rate. ‡ Severely obese adolescents after weight loss versus normal-weight: P = .004 for resting brachial shear rate; P = .046 for resting brachial blood flow. 
